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+62+26\VWHP  
 &RPSDULVLRQ2I$63(13OXVYV3LW]HU6XEURXWLQH,Q7KH'HE\H+XFNOH/LPLW  
 6XPPDU\2I5HVXOWV3HUFHQW$EVROXWH5HVLGXDOV%HWZHHQ3UHGLFWHG$QG([SHULPHQWDO9DOXHV
 
3K\VLFDO3URSHUWLHV0RGHOV)RU6LPXODWLRQ2I3URFHVVHV
7R7UHDW,1((/7DQN)DUP:DVWH7KHUPRG\QDPLF
(TXLOLEULXP
,1752'8&7,21
7KHSXUSRVHRIWKLVGRFXPHQWLVWRSURYLGHDVWDWXVRIWKHGHYHORSPHQWGXULQJ)<RID
GDWDEDVHIRUSK\VLFDOSURSHUWLHVPRGHOVIRUWKHVLPXODWLRQRIWKHWUHDWPHQWRIOLTXLG6RGLXP%HDULQJ
:DVWH6%:DW,GDKR1DWLRQDO(QJLQHHULQJDQG(QYLURQPHQWDO/DERUDWRU\,1((/:DVWH
PDQDJHPHQWDFWLYLWLHVDWWKH,1((/DQGWKURXJKRXWWKH'2(FRPSOH[ZLOOHQWDLOZDVWHUHWULHYDO
FKDUDFWHUL]DWLRQWUHDWPHQWDQGSDFNDJLQJIRUGLVSRVDOLQWHULPVWRUDJHWUDQVSRUWDWLRQDQGILQDO
GLVSRVDO7KHLPPHGLDWHIRFXVDWWKH,1((/LVUHWULHYDOWUHDWPHQWDQGSDFNDJLQJRIWKH6%:
LQYHQWRU\LQWKH,17(&7DQN)DUP)DFLOLW\7))&RQVHTXHQWO\WKHSULPDU\IRFXVRIPRGHO
GHYHORSPHQWGXULQJ)<KDVEHHQRQWKHUPRG\QDPLFPRGHOLQJRIQRQLGHDODTXHRXVVROXWLRQV
/DWHUDVLPLODUQHHGVDVVHVVPHQWIRUVROLGFDOFLQHLQELQVHWVDW,17(&LVDOVREHLQJFRQVLGHUHGDV
ZHOODV&(5&/$FORVXUHDFWLYLWLHVIRUWKH7))DQGDVVRFLDWHGUHPHGLDODFWLRQVIRUFRQWDPLQDWHGVRLOV
LQWKDWIDFLOLW\'HSHQGLQJRQWKHPHWKRGVVHOHFWHGIRUWUHDWLQJFDOFLQHDQGVRLOVWKHQHHGVRXWOLQHG
KHUHPD\DOVREHUHOHYDQWWRWKRVHIXWXUHDFWLYLWLHV
7UHDWPHQWRI6%:VWRUHGLQWKH7))DW,1((/LVDSULRULW\IRUWKH'HSDUWPHQWRI(QHUJ\
XQGHUWKH6HWWOHPHQW$JUHHPHQWZLWKWKH6WDWHRI,GDKR6HYHUDORSWLRQVWRWUHDWWKLVZDVWHIRU
GLVSRVDOKDYHEHHQFRQVLGHUHG'XULQJ)<%HFKWHO%:;7,GDKRZDVGLUHFWHGWRGHYHORSD
YLWULILFDWLRQIORZVKHHWIRU6%:+RZHYHUWKLVGLUHFWLRQZDVDOWHUHGDWWKHVWDUWRI)<DQG
YLWULILFDWLRQKDVEHHQVXSSODQWHGZLWKRWKHUWUHDWPHQWRSWLRQV2QHRSWLRQFXUUHQWO\XQGHU'2(
FRQVLGHUDWLRQLVVWUHDPUHIRUPLQJ65RIWKH6%:IROORZHGE\SDFNDJLQJRIWKHVROLGSURGXFWIRU
GLVSRVDODWWKH:DVWH,VRODWLRQ3LORW3ODQW:,33LQ1HZ0H[LFR%HFDXVHVWHDPUHIRUPLQJEHFDPHD
PDMRUFRQWHQGHUIRUWUHDWLQJ6%:,1((/SURFHVVGHYHORSPHQWHIIRUWVIXQGHGE\WKH7DQN)RFXV
$UHD7)$ZHUHUHGLUHFWHGLQ)<IURPYLWULILFDWLRQWRVWHDPUHIRUPLQJ
3URFHVV'HVLJQ$W,1((/
$QHVVHQWLDOWRROLQGHYHORSLQJDQ\FKHPLFDOSURFHVVLVDSURFHVVIORZVKHHW)6DQGLWV
DVVRFLDWHGPDVVEDODQFH0%7KH)60%GHVFULEHVWKHH[SHFWHGSURFHVVSHUIRUPDQFHEDVHGRQWKH
DVVXPSWLRQVDQGNQRZQIDFWVDERXWWKHXQGHUO\LQJSKHQRPHQDZKLFKRFFXUGXULQJWKHSURFHVVLQJ
VWHSV7KXVWKH)60%SURYLGHVWKHEDVLVIRUGHVLJQDQGRSHUDWLRQRIWKHDFWXDOSURFHVVLQJIDFLOLW\
ZKRVHGHVLJQLVXQGHUFRQVLGHUDWLRQ
7KHPDLQREMHFWLYHVLQJHQHUDWLQJWKH)60%DUHDVIROORZV
D ,GHQWLI\DOOLQSXWDQGRXWSXWVWUHDPVIRUWKHSURFHVV
E 7UDFNWKHFKHPLFDOFRPSRQHQWVLQWKHLQSXWVWUHDPVWKURXJKWKHSURFHVVSDUWLWLRQLQJ
WKHPDPRQJWKHRXWSXWVWUHDPV
F 'HVFULEHWKHFKHPLFDOIRUPVRIHDFKLQSXWFRPSRQHQWLQWKHRXWSXWVWUHDPVHJ
KRZPXFKRIWKH+JLQWKHRIIJDVZLOOEHHOHPHQWDO+JYDSRU+J&OYDSRUDQGVROLG
+J2>DHURVRO@HWF
G 'HWHUPLQHIORZUDWHVDQGSK\VLFDOSURSHUWLHVWHPSHUDWXUHGHQVLW\FRUURVLYLW\HWFRI
DOOSURFHVVVWUHDPVQHHGHGIRUHTXLSPHQWGHVLJQ
7KHDERYHLQIRUPDWLRQLVXVHGWRJHQHUDWHHTXLSPHQWVSHFLILFDWLRQVIRUSURFHVVXQLWRSHUDWLRQV
HJUHTXLUHGWKURXJKSXWVVHSDUDWLRQRUUHDFWLRQHIILFLHQFLHVWHPSHUDWXUHVHWFDQGWRDVVHVVWKH
DGHTXDF\RIWKHSURFHVVUHODWLYHWRWKHSURFHVVUHTXLUHPHQWVHJLVWKHFRQFHQWUDWLRQRI+JLQWKH
VWDFNJDVEHORZWKHUHJXODWRU\OLPLW%RWKWKHVHXVHVRIWKH0%DVVXPHWKDWWKHLQIRUPDWLRQSURYLGHG
LQLWHPVDGDERYHLVFUHGLEOH7KHUHVXOWLQJGHVLJQZLOOJHQHUDOO\OHDGWRDSURFHVVIUDXJKWZLWK
SUREOHPVRSHUDWLRQDOUHJXODWRU\HWFLIWKHGDWDDUHQRWFUHGLEOH
5ROH2I0RGHOLQJ
7KHUHDVRQIRUEXLOGLQJDVLPXODWLRQPRGHOIRUVWHDPUHIRUPLQJLQDFRPPHUFLDOSURFHVV
VLPXODWRULVWRSURYLGHPDVVEDODQFHDFFRXQWLQJWRVXSSRUWSURJUDPPDWLFSODQQLQJ0RGHOLQJRI
,1((/6%:WUHDWPHQWSURFHVVHVKDVEHHQGRQHLQWKHSDVWXVLQJOLQNHG(;&(/VSUHDGVKHHWVZKLFK
ODFNDSK\VLFDOSURSHUWLHVGDWDEDVH7KHREMHFWLYHIRU)<ZDVWRFRQWLQXHWKHWUDQVLWLRQDZD\
IURPWKHVSUHDGVKHHWEDVHGVLPXODWLRQWRZDUGDIXOOIOHGJHGFRPPHUFLDOVLPXODWLRQVRIWZDUHSDFNDJH
ZLWKWKHUPRG\QDPLFVLPXODWLRQFDSDELOLW\EDVHGRQDFRPSDWLEOHSK\VLFDOSURSHUWLHVGDWDEDVH7KLV
SDFNDJHZLOOEHXVHGWRSHUIRUPEDVLFPDVVDQGKHDWEDODQFHVRQLQGLYLGXDOXQLWRSHUDWLRQVDQGDURXQG
WKHHQWLUHWUHDWPHQWWUDLQ+DYLQJDQLQWHJUDWHGPRGHOZLWKDWKHUPRG\QDPLFGDWDEDVHZLOOLQFUHDVHWKH
DELOLW\RI,1((/HQJLQHHUVWRDVVHVVV\VWHPZLGHLPSDFWVRIFKDQJHVWRLQGLYLGXDOXQLWRSHUDWLRQV
$63(13OXVKDVEHHQWHQWDWLYHO\FKRVHQDVWKHFRPPHUFLDOSURFHVVVLPXODWRUWRJHQHUDWHWKH
0%IRUWUHDWPHQWRI6%:1LFKROVHWDO(DFKXQLWRSHUDWLRQZLOOEHUHSUHVHQWHGLQVRPH
IDVKLRQZKHQPRGHOLQJWKHRYHUDOOSURFHVV$VSHQ3OXVDOORZVODWLWXGHLQWKHFKRLFHRIDPHWKRGWR
UHSUHVHQWWKHEHKDYLRURIHDFKXQLWRSHUDWLRQLQDSURFHVVLHPHFKDQLVWLFPRGHOVHPSLULFDOGDWDRU
FRUUHODWLRQVPD\EHXVHG$63(13OXVFRQWDLQVZHOOGHYHORSHGWKHUPRG\QDPLFDSSURDFKHVIRU
PHFKDQLVWLFPRGHOLQJRIVXESURFHVVHVZKRVHSHUIRUPDQFHVDUHSULQFLSDOO\JRYHUQHGE\
WKHUPRG\QDPLFOLPLWV+RZHYHUIRUVXESURFHVVHVZKRVHSHUIRUPDQFHLVJRYHUQHGSULQFLSDOO\E\
RWKHUFRQVLGHUDWLRQVHJWUDQVSRUWUDWHVPL[LQJHWF$VSHQ3OXVZLWKRXWFXVWRPL]HGDGGRQVLVD
SRRUVXEVWLWXWHIRUGLUHFWHPSLULFDOGDWDRUHPSLULFDOO\EDVHGFRUUHODWLRQV,QOLJKWRIWKLVWKHSODQLV
WROLPLWPHFKDQLVWLFPRGHOLQJWRXQLWRSHUDWLRQVRUVXESURFHVVHVZKHUHWKHUPRG\QDPLFHTXLOLEULXP
LVOLNHO\WREHDSSURDFKHG6SHFLILFDOO\WKHFDSDELOLW\RIWKH$63(13OXVVLPXODWRUWRFDOFXODWH
FKHPLFDODQGSKDVHSDUWLWLRQLQJYDSRUOLTXLGOLTXLGVROLGRUYDSRUOLTXLGVROLGRIDVHWRIFKHPLFDOV
LQDSURFHVVVWUHDPZLOOEHXVHGWRFKDUDFWHUL]HWKHSHUIRUPDQFHRIXQLWRSHUDWLRQVZKHUHHTXLOLEULXP
PD\EHDVVXPHG(OVHZKHUHHPSLULFDOO\GHWHUPLQHGSHUIRUPDQFHSDUDPHWHUVRUFRUUHODWLRQVZLOOEH
DSSOLHGLQDEODFNER[PRGHOIRUWKHUHVSHFWLYHXQLWRSHUDWLRQV
7KHUPRG\QDPLF0RGHOLQJRI1RQ,GHDO6ROXWLRQV
7KHIROORZLQJGHVLJQLVVXHVLQ6%:WUHDWPHQWDUHFRQVLGHUHGDGGUHVVDEOHE\WKHUPRG\QDPLF
PRGHOLQJFRQFHQWUDWLRQVRIFRUURVLYHVSHFLHVLQOLTXLGDQGJDVSURFHVVVWUHDPVFRQFHQWUDWLRQV
RIUHJXODWHGSROOXWDQWVLQSURFHVVHIIOXHQWVJDVDQGOLTXLGDQGWKHLUDVVRFLDWHGZDVWHVWUHDPVILOWHUV
JURXWHGVFUXEOLTXRUHWFDQGSUHFLSLWDWLRQRILQVROXEOHVROLGVIURPEOHQGLQJRIIHHGVWUHDPVRI
GLIIHULQJFRPSRVLWLRQV7RVLPXODWHWKHVHHQWLWLHVXVLQJVWDQGDUGWKHUPRG\QDPLFPRGHOVUHTXLUHVWKDW
WKHDFWLYLWLHVRIVSHFLHVLQVROXWLRQEHFDOFXODEOHIURPWKHFRPSRVLWLRQWHPSHUDWXUHDQGSUHVVXUHRI
WKHVROXWLRQ'XHDFFRXQWVKRXOGEHWDNHQRIDOOVSHFLHVLQVROXWLRQZKLFKVLJQLILFDQWO\LPSDFWWKH
LRQLFVWUHQJWKDQGWKHDFWLYLWLHVRIWKHVSHFLHVRIFRQFHUQ
$QDFWLYLW\FRHIILFLHQWPRGHORIUHDVRQDEOHILGHOLW\LVQHHGHGZLWKLQDUHODWLYHO\VKRUWWLPH
&RQFHSWXDO'HVLJQRIDOWHUQDWLYHVIRUWUHDWPHQWDQGGLVSRVDORI6%:LVVFKHGXOHGWREHJLQLQ)<
%\WKDWWLPHDGHVLJQWRROLVQHHGHGWKDWFDQSURYLGHUHDVRQDEOHILUVWRUGHUHVWLPDWHVRIDFWLYLW\
FRHIILFLHQWVLQWKHUHOHYDQWPHGLD,GHDOO\VXFKHVWLPDWHVVKRXOGEHEDVHGRQPHDVXUHPHQWVWKDWFDQ
EHPDGHZLWKRXWLQRUGLQDWHH[SHQGLWXUHVRIWLPHDQGPRQH\HJWKHUPRG\QDPLFPHDVXUHPHQWVRQ
VROXWLRQVFRQWDLQLQJRQO\RQHRUWZRHOHFWURO\WHV,WLVHPSKDVL]HGWKDWLQFUHPHQWDOLPSURYHPHQWVWR
WKHRUHWLFDODSSURDFKHVZKLFKDUHQRWXVDEOHE\SUDFWLWLRQHUVVLPSO\ZLOOQRWGR(QJLQHHULQJLVWKHDUW
RIDSSUR[LPDWLRQDQGZKDWLVQRZQHHGHGLVDPHWKRGWRLPSURYHWKHVWDWHRIWKDWDUW
%HFDXVHWKHVROXWLRQVRILQWHUHVWLHEOHQGHGOLTXLGVIURPWKH7))DQGEORZGRZQHIIOXHQWV
IURPVFUXEEHUVZLOOFRQWDLQPDQ\VSHFLHVDWKLJKFRQFHQWUDWLRQVDQGJHQHUDOO\DWKLJKLRQLF
VWUHQJWKVLWLVQHFHVVDU\WKDWPRGHOVEHXVHGWKDWDUHFDSDEOHRIHVWLPDWLQJDFWLYLW\FRHIILFLHQWVIRU
ERWKLRQLFDQGPROHFXODUVSHFLHVLQVXFKVROXWLRQV7KHHVWLPDWHGLRQLFVWUHQJWKRISRVWHYDSRUDWLRQ
6%:LQWKH7))LVPRODOPDMRUFRQWULEXWRUVEHLQJQLWUDWHaPRODUVRGLXPDQGK\GURJHQERWK
PRODO$QRYHUYLHZRIWKHXQLWRSHUDWLRQVDQGDSUHOLPLQDU\SURFHVVFRQILJXUDWLRQIRUVWHDP
UHIRUPLQJWUHDWPHQWRI6%:ZDVSUHYLRXVO\SXEOLVKHG7D\ORUHWDO$VXEVHWRIWKRVHXQLW
RSHUDWLRQVFRQVLVWLQJRIWKRVHZKHUHWKHUPRG\QDPLFPRGHOLQJPLJKWEHDSSOLHGLVLQFOXGHGKHUHVHH
$SSHQGL[$
,QWKHODVWGHFDGHVDQXPEHURIDFWLYLW\FRHIILFLHQWPRGHOVIRUWKHUPRG\QDPLFPRGHOLQJ
RIDTXHRXVFKHPLFDOVROXWLRQVKDYHEHHQSURSRVHG7KH(OHFWURO\WH1RQ5DQGRP7ZR/LTXLG
(157/PRGHORI&KHQHWDOLVDORFDOFRPSRVLWLRQPRGHOIRUWKHH[FHVV*LEEVHQHUJ\RI
HOHFWURO\WHV\VWHPVWKDWDFFRXQWVIRUWZRFRQWULEXWLRQVRQHUHVXOWLQJIURPORQJUDQJHHOHFWURVWDWLF
IRUFHVEHWZHHQLRQVDQGWKHRWKHUIURPVKRUWUDQJHIRUFHVEHWZHHQDOOWKHVSHFLHV(157/LVUHIHUUHG
WRE\.XPDUDVWKHPRVWXVHGPRGHOIRUHOHFWURO\WHVROXWLRQVDQGLVUHFRPPHQGHGE\$VSHQ
7HFKQRORJ\,QRXURZQOLWHUDWXUHVHDUFKKRZHYHUZHKDYHIRXQGIDUPRUHUHVHDUFKHUVUHSRUWLQJ
SDUDPHWHUYDOXHVIRUWKH3LW]HULRQLQWHUDFWLRQPRGHO3LW]HUIRUHOHFWURO\WHV\VWHPVWKDQWKRVH
VXSSRUWLQJ(157/7KHUHDSSHDUVWREHDFRQVLGHUDEOHLQYHVWPHQWE\'2(WRJHQHUDWHD3LW]HU
PRGHOGDWDEDVH:HEHUDQG:HEHUHWDOIURP251/DQG)HOP\DQG5DLDQG
)HOP\HWDOIURP311/
%ULHI2YHUYLHZ2I3LW]HU,RQ,QWHUDFWLRQ0RGHO
,QVLPSOHIRUPWKH3LW]HUPRGHOLVDUHSUHVHQWDWLRQRIWKHH[FHVV*LEEVIUHHHQHUJ\*H[LQD
VROXWLRQZKLFKXVHVDYLULDOHTXDWLRQDVIROORZV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ZKHUH
ZZ  NJRIZDWHULQWKHVROXWLRQ
,  LRQLFVWUHQJWK  
L
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PL  PRODOLW\RIVROXWHVSHFLHL
λµ  YLULDOFRHIILFLHQWV
7KHILUVWWHUPRQWKHULJKWLQ(T$UHSUHVHQWVWKHHPSLULFDOO\H[WHQGHGIRUPRIWKH'HE\H
+XFNHOOLPLWLQJODZIRUWKHORQJUDQJHHOHFWURVWDWLFIRUFHVEHWZHHQLRQV7KHYLULDOFRHIILFLHQW
PDWULFHVλLMDQGµLMNDUHDVVXPHGV\PPHWULF7KHVHFRQGYLULDOFRHIILFLHQWVλLM
VUHSUHVHQWVKRUW
UDQJHLQWHUDFWLRQVLQWKHSUHVHQFHRIWKHVROYHQWEHWZHHQVROXWHSDUWLFOHVLDQGM7KHWKLUGYLULDO
FRHIILFLHQWVµLMN
VUHSUHVHQWVLPLODUWKUHHSDUWLFOHLQWHUDFWLRQV,QJHQHUDOERWKWKHλ
VDQGWKHµ
VDUH
LRQLFVWUHQJWKGHSHQGHQWWKRXJKLQPRVWFDVHVWKHGHSHQGHQFHLVZHDNIRUWKHODWWHU3LW]HUGHULYHV
LQGLYLGXDOVROXWHDFWLYLW\FRHIILFLHQWVE\GLIIHUHQWLDWLRQRIWKHH[SUHVVLRQIRU*H[JLYHQE\(T$
7KXV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%
$QH[SUHVVLRQIRUWKHRVPRWLFFRHIILFLHQWφLVREWDLQHGVLPLODUO\E\GLIIHUHQWLDWLRQRI*H[
,QWKH3LW]HUIRUPDOLVPWKHFRHIILFLHQWWHUPVLQWKHHTXDWLRQVIRU*H[OQγLDQGφDUHWUDQVIRUPHGLQWRD
VHWRIHPSLULFDOO\GHWHUPLQDEOHFRHIILFLHQWV%LM&LMΦLMDQGΨLMNRQHVHWIRUWKH*H[OQγDQGφ
HTXDWLRQVUHVSHFWLYHO\:KHQWKHVHFRHIILFLHQWVDUHVXEVWLWXWHGIRUλDQGµWKHUHVXOWLQJDFWLYLW\
FRHIILFLHQWHTXDWLRQIRUFDWLRQ
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ZKHUH= PL_]L_DQGWKHLQGLFHVDQGVXEVFULSWVKDYHWKHIROORZLQJPHDQLQJVFUHIHUVWRFDWLRQLF
WHUPVDWRDQLRQLFWHUPVQWRPROHFXODUVROXWHWHUPVDQGDD
UHIHUVWRVLQJOHFRXQWLQJRIWHUPV
LQYROYLQJWKHVDPHWZRDQLRQV
$QDQDORJRXVHTXDWLRQDSSOLHVIRUWKHDFWLYLW\FRHIILFLHQWRIDQDQLRQ7KHFRHIILFLHQWV%LM
&LMΦLMΨLMNDQGλLMLQ(T&DUHUHSUHVHQWHGDVH[SOLFLWIXQFWLRQVRIWKHLRQLFVWUHQJWKDQGRIWKH
LRQLFFKDUJHV7KH%LMFRHIILFLHQWVDUHW\SLFDOO\H[SUHVVHGDVH[SOLFLWIXQFWLRQVRILRQLFVWUHQJWK
LQYROYLQJWZRRUPRUHDGMXVWDEOH
β
FRQVWDQWVββZKLOHWKH&LMDQGλLMFRHIILFLHQWVDUH
WUHDWHGDVVLPSOHDGMXVWDEOHSDUDPHWHUV7KHΦLMDQGΨLMNFRHIILFLHQWVDUHQRQ]HURRQO\ZKHQWKHUH
DUHWZRRUPRUHGLIIHUHQWHOHFWURO\WHVSUHVHQWLQWKHVROXWLRQDQGKHQFHDUHUHIHUUHGWRDVPL[LQJ
WHUPV7KHΦLMWHUPLVH[SUHVVHGDVIROORZV
,LM(LMLM θθ +=Φ '
DQG
 ′=′Φ ,, LM(LM θ (
ZKHUHθLMDULVHVIURPVKRUWUDQJHLQWHUDFWLRQVDQGLVWUHDWHGDVDFRQVWDQWDQG(θLM,LVDVVXPHGWRYDU\
ZLWKLRQLFVWUHQJWKDQGDULVHVIURPORQJUDQJHLQWHUDFWLRQVEHWZHHQLRQVZKRVHFKDUJHVDUHRIWKH
VDPHVLJQEXWRIGLIIHUHQWPDJQLWXGHV7KH)WHUPRI(T&LQYROYHVWKHGHULYDWLYHRISKLDQGWKXV
WKHGHULYDWLYHRIWKHWDDVLQGLFDWHGLQ(T((șLM,DQG,(șLMƍDUHWKHVRFDOOHGXQV\PPHWULFDO
PL[LQJWHUPVUHIHUUHGWRODWHULQWKHWH[W
)LQDOO\WKHΨLMNSDUDPHWHULVXVHGDVDGLIIHUHQFHWHUPWRDFFRXQWIRUGLIIHUHQFHVEHWZHHQ
WKHHPSLULFDOO\PHDVXUHGDFWLYLW\FRHIILFLHQWYDOXHVDQGWKRVHSUHGLFWHGIURP(TV'	(REWDLQHG
E\DVVXPLQJWKHΨ
VDUH]HUR
7KLVGHVFULSWLRQRIWKH3LW]HUPRGHOLVDGPLWWHGO\FXUVRU\DQGLVSURYLGHGDVDQRYHUYLHZDQG
DVDFRQWH[WXDOLQWURGXFWLRQRIWKHWHUPLQRORJ\WKDWLVXVHGODWHULQWKLVUHSRUW$PRUHFRPSOHWH
GHVFULSWLRQRIWKH3LW]HUPRGHOFDQEHIRXQGLQ3LW]HU
(OHFWURO\WH1RPHQFODWXUH
$GGLWLRQDOQRPHQFODWXUHXVHGLQWKLVUHSRUWLVEULHIO\GHILQHGEHORZ7KHPHDQLRQLFDFWLYLW\
FRHIILFLHQWRIDQHOHFWURO\WHLVH[SUHVVHGE\
γν γν+γν−
DQGWKHPHDQLRQLFPRODOLW\LVJLYHQE\
Pν Pν+Pν−
ZKHUHWKHWRWDOQXPEHURILRQVLVJLYHQE\
ν νν
,ILRQL]DWLRQLVDVVXPHGWREHFRPSOHWHWKHQ
P νP
P νP
DQG
PνVW νν+νν−Pν 
ZKHUHPLVWKHWRWDORUVWRLFKLRPHWULFPRODOLW\RIWKHHOHFWURO\WH7KHVWRLFKLRPHWULFLRQLFPRODOLW\
PνVWLVWKHLRQLFPRODOLW\RIWKHHOHFWURO\WHFDOFXODWHGDVVXPLQJFRPSOHWHGLVVRFLDWLRQ$FWLYLW\
FRHIILFLHQWVγFDOFXODWHGRQWKHEDVLVRIVWRLFKLRPHWULFLRQLFPRODOLWLHVPVWUDWKHUWKDQPHDQLRQLF
PRODOLWLHVPDUHUHIHUUHGWRLQWKLVUHSRUWDVVWRLFKLRPHWULFDFWLYLW\FRHIILFLHQWV'HQELJKDQG
DUHUHSUHVHQWHGE\γVW,IRQHDJJUHJDWHLQWHUPHGLDWHLRQQHXWUDOPROHFXOHRUFRPSOH[LRQLV
IRUPHGE\WKHVROXWHIURPLWVVLPSOHLRQVWKHUHODWLRQVKLSEHWZHHQWKHVWRLFKLRPHWULFDQGPHDQ
IXQFWLRQVRIWKHVROXWHLV5RELQVRQDQG6WRNHVSS
γVWPVW γP)
6\PPHWULFDOPL[LQJLVXVHGWRUHIHUWRWKHFDVHZKHQLRQVLDQGMKDYHWKHVDPHFKDUJHERWK
VLJQDQGPDJQLWXGHLH]L ]M)RUH[DPSOHWKHWHUQDU\VROXWLRQ+&O1D&O+2LQYROYHV
V\PPHWULFDOPL[LQJEHFDXVHERWKFDWLRQV+DQG1DKDYHDFKDUJHRIPDJQLWXGHRQH7KHWHUQDU\
VROXWLRQ+&O&D&O+2RQWKHRWKHUKDQGKDVXQV\PPHWULFDOPL[LQJEHFDXVHWKHFKDUJHVIRUWKH
WZRFDWLRQV+DQG&DKDYHGLIIHUHQWPDJQLWXGHVRQHDQGWZRUHVSHFWLYHO\
&203$5,6212)(157/$1'3,7=(502'(/6
$63(13OXVLQFOXGHVERWKWKH(157/DQG3LW]HUPRGHOVDVSURSHUW\PHWKRGRSWLRQVIRU
DTXHRXVHOHFWURO\WHVROXWLRQV6LQFHWKHSUHIHUUHGVLPXODWLRQDSSURDFKLVWRILQGDSUDFWLFDODFWLYLW\
FRHIILFLHQWPRGHOVXSSRUWHGE\WKHVHOHFWHGFRPPHUFLDOVLPXODWRU$63(13OXVWKHILUVWWDVNZDVWR
FRPSDUHWKH(157/DQG3LW]HUPRGHOV
6LQJOH6DOW6\VWHPV
)LJXUHVDQGFRPSDUHWKH$63(13OXVSUHGLFWLRQVIRU(157/DQG3LW]HUPRGHOVIRU
DTXHRXVVRGLXPFKORULGHDQGK\GURFKORULFDFLGUHVSHFWLYHO\DWPRODO7DEOHVDQGVKRZWKH
TXDQWLWDWLYHGDWDIRUWKHWZRV\VWHPV7KH3LW]HUPRGHOXVLQJWKH$63(13OXVGHIDXOWYDOXHVIRUȕ
ȕDQG&ɮ>GHVLJQDWHGE\3,7=(5$3@LVFOHDUO\VXSHULRULQERWKFDVHVKDYLQJUHVLGXDOVRI
DQGIRU1D&ODQG+&OUHVSHFWLYHO\FRPSDUHGWRDQGUHVLGXDOVUHVSHFWLYHO\
ZLWKWKH(157/PRGHO5HVLGXDOVDUHFDOFXODWHGDVWKHDEVROXWHYDOXHRIWKHGLIIHUHQFHEHWZHHQWKH
SUHGLFWHGDQGH[SHULPHQWDOYDOXHVGLYLGHGE\WKHH[SHULPHQWDO7KHUHODWLYHO\SRRUDFFXUDF\RIWKH
(157/PRGHOIRUDTXHRXV+&OZDVVXUSULVLQJJLYHQWKHVLPSOLFLW\RIWKHV\VWHPDVLQJOHVWURQJ
DFLG7KH³3,7=(55´DQG³3,7=(5:´GHVLJQDWLRQVUHIHUWRXVLQJDOWHUQDWLYHVHWVRI3LW]HU
SDUDPHWHUVDQGZLOOEHGLVFXVVHGODWHUDVZLOOWKHGDWDDWKLJKHUPRODOLWLHV
0XOWLSOH6DOW6\VWHPV
$FRPSDULVRQRIWKHWZRHOHFWURO\WHPRGHOVVLPXODWHGLQ$63(13OXVYVDFWLYLW\FRHIILFLHQW
GDWDIRUWKHPXOWLSOHVDOWPL[WXUH+&O1D&O+2LVSUHVHQWHGJUDSKLFDOO\LQ)LJXUHDQG
TXDQWLWDWLYHO\LQ7DEOH7KH³3,7=(50´GHVLJQDWLRQLQWKHWDEOHUHIHUVWRDQDOWHUQDWLYHVHWRI
3LW]HUSDUDPHWHUVGLVFXVVHGODWHU³,´UHIHUVWRLRQLFVWUHQJWKRQWKHPRODOLW\VFDOH,WLVREYLRXVWKDW
WKH3LW]HUHTXDWLRQXVLQJWKHGHIDXOWELQDU\SDUDPHWHUVUHVLGHQWLQ$63(13OXV¶GDWDEDQNDQGQR
PL[LQJSDUDPHWHUV>3,7=(5$3@LVIDUVXSHULRUWRWKH(157/PRGHOIRUSUHGLFWLQJWKH
VWRLFKLRPHWULFPRODODFWLYLW\FRHIILFLHQWRI+&OZLWKUHVLGXDOVRIFRPSDUHGWR
UHVSHFWLYHO\
$63(13OXVSUHGLFWHGVDOWSUHFLSLWDWLRQRI1D&OIRUDOOEXWWZRRIWKHVROXWLRQVZLWKDQLRQLF
VWUHQJWKRIPRONJ,QRUGHUWRDVFHUWDLQZKHWKHURUQRWWKH3LW]HUHTXDWLRQZDVSUHGLFWLQJWKH
SUHFLSLWDWLRQRI1D&OSUHPDWXUHO\WKHVROXWLRQFRPSRVLWLRQFRUUHVSRQGLQJWRWKHDFWLYLW\FRHIILFLHQW
GDWD-LDQJDZHUHSORWWHGLQ)LJXUHDORQJVLGHWKH+&O1D&OVROXELOLW\FXUYHDVUHSRUWHGLQ
/LQNHDQG6HLGHOO7KHVROXELOLW\GDWDLVOLVWHGLQWKHILUVWQLQHFROXPQVRI7DEOH,WFDQEH
VHHQLQ)LJWKDWWKHVROXWLRQVRI-LDQJIRU, EDUHO\IDOOEHORZWKHVROXELOLW\FXUYHDQGWKDWDOO
EXWWZRRIWKHSRLQWVIRU, DUHDERYHWKHVROXELOLW\FXUYH7KXVWKH3LW]HUPRGHODFFXUDWHO\
SUHGLFWHG1D&OSUHFLSLWDWLRQDQGLQGLFDWHGWKDWWKHFRUUHVSRQGLQJH[SHULPHQWDOVROXWLRQVRI-LDQJZHUH
DSSDUHQWO\VXSHUVDWXUDWHG
)LJXUHDQG7DEOHVKRZDFWLYLW\FRHIILFLHQWGDWD-LDQJEZKHQ.&OLVDGGHGWRWKH
PL[WXUH7KHODVWWZRFROXPQVRI7DEOHVKRZWKHSUHGLFWHGDFWLYLWLHVRI1D&ODQG.&OXVLQJD
VXSHULRUVHWRI3LW]HUSDUDPHWHUVWREHGLVFXVVHGODWHU7KHVKDGHGFHOOVLQGLFDWHDFWLYLWLHVJUHDWHU
WKDQWKHWKHUPRG\QDPLFVROXELOLW\SURGXFWOLVWHGDWWKHWRSRIWKHFROXPQ,WDSSHDUVWKDWDJDLQ-LDQJ¶V
H[SHULPHQWDOVROXWLRQVDWKLJKLRQLFVWUHQJWKFRXOGKDYHEHHQDWVXSHUVDWXUDWHGFRQGLWLRQV
&RQVHTXHQWO\RQO\WKRVHGDWDSRLQWVSUHGLFWHGE\WKH3LW]HUPRGHOWREHQRQVDWXUDWHGZHUHXVHGLQ
WKHDFFXUDF\FRPSDULVRQ$JDLQWKH3LW]HUPRGHOXVLQJWKHGHIDXOWELQDU\SDUDPHWHUVIURP$63(1
3OXV¶GDWDEDQNZLWKRXWPL[LQJSDUDPHWHUV>3,7=(5$3@LVVXSHULRUWR(157/IRUSUHGLFWLQJWKH
VWRLFKLRPHWULFPRODODFWLYLW\FRHIILFLHQWRI+&OZLWKUHVLGXDOVRIFRPSDUHGWR
UHVSHFWLYHO\
$66(660(172)7+(3,7=(5,21,17(5$&7,2102'(/
%DFNJURXQG
,Q3LW]HU
VGHYHORSPHQWRIWKHDERYHGHVFULEHGHTXDWLRQVIRUHOHFWURO\WHVKHIHOWWKHPRVW
LPSRUWDQWUHVXOWZDVWKHUHFRJQLWLRQRIDQLRQLFVWUHQJWKGHSHQGHQFHRIWKHHIIHFWRIVKRUWUDQJHIRUFHV
LQELQDU\LQWHUDFWLRQV3LW]HUPRGLILHGWKH'HE\H+XFNHOPRGHOWRLQFOXGHWKLVIHDWXUHWRSURGXFHD
V\VWHPRIHTXDWLRQVVLPSOHUWKDQSUHYLRXVO\SURSRVHGULJRURXVPRGHOVVXFKDV6FDWFKDUGDQG
6FDWFKDUGHWDO\HWSURYLGLQJPRUHSK\VLFDOO\PHDQLQJIXOSDUDPHWHUV7KHPRGHODSSHDUHGWR
\LHOGFRPSDUDEOHDJUHHPHQWZLWKH[SHULPHQWDOUHVXOWVIRUPL[HGDQGVLQJOHHOHFWURO\WHV6LOYHVWHUDQG
3LW]HUH[WHQGHGWKHRULJLQDOWUHDWPHQWWRZLGHWHPSHUDWXUHUDQJHVDQGIRUWKHHQWKDOS\DQGKHDW
FDSDFLW\
6ROXELOLW\
)XUVWDQG5HQRQDSSOLHG3LW]HU¶VPRGHOWRVWXG\WKHVROXELOLW\LVRWKHUPVRIIRXUWHUQDU\
V\VWHPV1D&O1D12+21D&O.&O+2.&O.12+2DQG1D121D12+27KH\
VKRZHGWKDWXVLQJWKHELQDU\SDUDPHWHUVRQO\ȕȕDQG&ɮRIHDFKVDOWLQWURGXFHGDSSUHFLDEOH
HUURULQWRWKHSUHGLFWHGVROXELOLWLHVDURXQGIURPJUDSKLFDOHVWLPDWHV7KHPL[LQJSDUDPHWHUȥ
ZDVWKHNH\WRREWDLQLQJLPSURYHGDFFXUDF\:HEHUVSHFLILFDOO\DGGUHVVHGWKHIDFWWKDW3LW]HU
ELQDU\SDUDPHWHUYDOXHVUHJUHVVHGIURPVLQJOHVDOWGDWDPDQ\WLPHVGRQRWH[WUDSRODWHZHOOIRU
PL[WXUHVWKDWLQYROYHLRQLFVWUHQJWKVWKDWH[FHHGVDWXUDWLRQRIWKHFRPSRQHQWVLQJOHVDOWV
$VVRFLDWLRQ
$UFKHUH[WHQGHG3LW]HU¶VRULJLQDOPRGHOWRLQFOXGHDQLRQLFVWUHQJWKGHSHQGHQWWKLUG
YLULDOFRHIILFLHQWDGGLQJD&ɮSDUDPHWHUWREHWWHUUHSUHVHQWWKH1D%U+2V\VWHP&OHJJ5DUG
DQG3LW]HUJHQHUDOL]HG$UFKHU¶VH[WHQVLRQWRVHOIDVVRFLDWLQJHOHFWURO\WHVDQGDSSOLHGLWWRWKH
VWXG\RIWKH+62+2V\VWHP3LW]HU:DQJ5DUGDQG&OHJJWKHQVKRZHGWKDWWKH
WKHUPRG\QDPLFUHSUHVHQWDWLRQRIKLJKO\VROXEOHVHOIDVVRFLDWLQJVDOWVLVJUHDWO\LPSURYHGDWPRODOLWLHV
JUHDWHUWKDQE\WKHLQFOXVLRQRILRQLFVWUHQJWKGHSHQGHQF\LQKLJKHURUGHUYLULDOFRHIILFLHQWV7KH\
JHQHUDOL]HG$UFKHU¶VH[WHQVLRQE\SURSRVLQJHTXDWLRQVIRULQFOXGLQJLRQLFVWUHQJWKGHSHQGHQFH
LQWKLUGIRXUWKDQGKLJKHUYLULDOFRHIILFLHQWV7KHDXWKRUVIRXQGWKHLUH[WHQGHGPRGHOWREHHIIHFWLYH
LQUHSUHVHQWLQJWKHFRPSOH[EHKDYLRURIDTXHRXV&D&ODQG0J&OVROXWLRQVDW&ZLWKRXWWKHXVH
RIDVVRFLDWLRQFRQVWDQWVIRUFRQFHQWUDWLRQVWRDQGPRONJUHVSHFWLYHO\7KHHTXDWLRQIRU
&D&OUHTXLUHVQLQHSDUDPHWHUVDQGWKHLQFOXVLRQRILRQLFVWUHQJWKGHSHQGHQFHXSWRWKHILIWKYLULDO
FRHIILFLHQWWRDGHTXDWHO\DFFRXQWIRUWKHLQWHUDFWLRQVRIWKHFKORULGHFRPSOH[HV&D&O&D&ODQG
&D&O7KHHTXDWLRQIRU0J&OUHTXLUHVVL[SDUDPHWHUVDQGWKHLQFOXVLRQRILRQLFVWUHQJWK
GHSHQGHQFHXSWRWKHIRXUWKYLULDOFRHIILFLHQWWRDGHTXDWHO\DFFRXQWIRUWKHLQWHUDFWLRQVRIWKH0J&O
FRPSOH[
3RWHQWLDO%HQHILWV
7KHUHPD\EHVHYHUDOEHQHILWVRIWKH3LW]HULRQLQWHUDFWLRQPRGHOWKDWDUHLPSRUWDQWWRWKH
SUDFWLWLRQHULWSURYLGHVDFRQVLVWHQWWKHUPRG\QDPLFIUDPHZRUNDFRQVLVWHQWVHWRIHTXDWLRQVIRU
DFWLYLW\FRHIILFLHQWHQWKDOS\KHDWFDSDFLW\DQGGHQVLW\SDUDPHWHUYDOXHVIRUPDQ\V\VWHPVDUH
DYDLODEOHLQWKHSXEOLFOLWHUDWXUHREWDLQLQJSDUDPHWHUYDOXHVIRUDYDULHW\RIVSHFLHVDQGV\VWHPVLV
FXUUHQWO\UHFHLYLQJPXFKDWWHQWLRQIURPUHVHDUFKHUVLWKDVDULJRURXVWKHRUHWLFDOXQGHUSLQQLQJVXFK
WKDWWKHVKDSHRIWKHγYVPRODOLW\FXUYHFDQXVXDOO\EHPDGHWRILWWKDWRIH[SHULPHQWDOGDWDGHVSLWH
WKHHUURUZLWKDFWXDOYDOXHVVRWKHIUDPHZRUNPD\EHUREXVWHQRXJKWRSURYLGHSUHGLFWLRQVZLWKLQ
HQJLQHHULQJGHVLJQDFFXUDF\GHVSLWHDQLQFRPSOHWHVHWRILQWHUDFWLRQSDUDPHWHUYDOXHVDOOUHTXLUHG
LQWHUDFWLRQSDUDPHWHUVFDQEHREWDLQHGIURPVLQJOHVDOWDQGELQDU\VDOWVROXWLRQVUHGXFLQJWKH
H[SHULPHQWDORYHUKHDGUHTXLUHGWRPRGHODFRPSOH[VROXWLRQDQGLWGHVFULEHVWKHWKHUPRG\QDPLFV
RILQGLYLGXDOLRQVUDWKHUWKDQMXVWQHXWUDOLRQSDLUVVRLWRIIHUVWKHSRWHQWLDOWRPRGHOFKHPLFDO
HTXLOLEULDDVVRFLDWLRQFRPSOH[DWLRQLRQL]DWLRQ
&RQFHUQV
7KHUHDUHKRZHYHUVHYHUDOFRQFHUQVZLWKWKH3LW]HUPRGHOIURPDSUDFWLWLRQHU¶VSRLQWRI
YLHZWKHHUURUWKDWPD\EHDFFHSWDEOHIRUDIHZVDOWVROXWLRQPD\EHFRPSRXQGHGDQGSURGXFH
XQDFFHSWDEOHHUURUIRUDPDQ\VDOWVROXWLRQVXFKDV6%:WKHPRGHOZDVRULJLQDOO\DSSOLHGWRWKH
PFRQFHQWUDWLRQUDQJHVRPDQ\RIWKH3LW]HUSDUDPHWHUYDOXHVLQWKHOLWHUDWXUHDUHQRWDSSOLFDEOHWR
KLJKLRQLFVWUHQJWKFRPSOH[PL[WXUHVVXFKDVP6%:WKHZRUNRIUHVHDUFKHUVOLNH$UFKHU
&OHJJHWDODQG3LW]HUHWDOVXJJHVWWKDWDQLQRUGLQDWHDPRXQWRIDVVRFLDWLRQ
GDWDQHHGVWREHH[SHULPHQWDOO\GHWHUPLQHGDQGWKHQFRUUHVSRQGLQJDFWLYLW\FRHIILFLHQWGDWDQHHGWR
EHUHJUHVVHGWRREWDLQDVVRFLDWLRQEDVHG3LW]HUSDUDPHWHUVLIRQHGHVLUHVWRPRGHOFKHPLFDODQGSKDVH
HTXLOLEULDRIFRPSOH[PL[WXUHVDQGDFFXUDWHSUHGLFWLRQVRIγGRQRWHQVXUHDFFXUDWHSUHGLFWLRQVRI
LRQLFDFWLYLW\FRHIILFLHQWVWKHDFWLYLW\FRHIILFLHQWRILQGLYLGXDOLRQVFDQQRWEHPHDVXUHGDQGVSHFLH
FRQFHQWUDWLRQVVRWKH3LW]HUPRGHOPD\QRWEHDFFXUDWHIRUSUHGLFWLQJFKHPLFDOHTXLOLEULXPIRU
FRPSOH[VROXWLRQV
3UHOLPLQDU\&RQFOXVLRQ
7KHVHFRQFHUQVDSSHDUWREHUHFHLYLQJDWWHQWLRQIURPUHVHDUFKHUV3HUH]9LOODVHQRUHWDO
FODLPWREHDEOHWRUHSUHVHQWVWURQJDQGHOHFWURO\WHVDWPRODOLWLHVDVKLJKDV
%RUNRZVNLHWDODUHXVLQJ3LW]HU¶VWUHDWPHQWWRGHYHORSDJHRFKHPLFDOPRGHOGHVFULELQJWKH
VROXELOLW\RIDFWLQLGHVLQXQGHUJURXQGZDWHUDWWKH:DVWH,VRODWLRQ3LORW3ODQW:,333URMHFW(YHQ
WKRXJKWKHDSSOLFDWLRQLQYROYHVKXQGUHGVRIVSHFLHVWKHDXWKRUVKDYHFRQFOXGHGWKDWPL[LQJWHUPVFDQ
EHLJQRUHGDQGȕFDQKDYHXQLYHUVDOYDOXHVIRUJURXSVRIVSHFLHVVXFKDVWKHDFWLQLGHR[DODWH
FRPSOH[HV2QHPXVWUHPHPEHUWKDWLQDFFXUDWHYDOXHVRIDFWLYLW\FRHIILFLHQWVRUH[WHQWVRI
GLVVRFLDWLRQWKDWIROORZWKHSURSHUWUHQGVDUHPRUHGHVLUDEOHIRUNH\VSHLFHVGXULQJGHVLJQWKDQ
DVVXPLQJLGHDOLW\DFWLYLW\FRHIILFLHQWV DQGFRPSOHWHGLVVRFLDWLRQ2QWKHVWUHQJWKRIWKHVHNLQGV
RIDSSOLFDWLRQVZKHUHVLPSOLI\LQJDVVXPSWLRQVUHGXFHWKHQXPEHURIDGMXVWDEOHSDUDPHWHUVZHEHOLHYH
WKHUHLVUHDVRQWRH[SHFWWKDWDXVHIXOVLPSOLILHGLPSOHPHQWDWLRQRIWKH3LW]HUPRGHOWR6%:
WUHDWPHQWFDQEHDFKLHYHG
9DOLGDWLRQ
7KHIRFXVRIWKHHIIRUWLQ)<WRDVVHVVWKHDSSOLFDELOLW\RIWKH3LW]HUPRGHODGGUHVVHGWKH
FRQFHUQVUHJDUGLQJLRQLFVWUHQJWKKLJKHUWKDQPRODOWKHSUHGLFWLRQRISUHFLSLWDWLRQDQGWKH
FDOFXODWLRQRIFKHPLFDOHTXLOLEULXP
+LJK&RQFHQWUDWLRQ
$FWLYLW\&RHIILFLHQWGDWD5RELQVRQDQG6WRNHV&HUTXHWWLHWDO+DPHUDQG:X
DQGSUHGLFWLRQVIRUWKH+&O+2V\VWHPXSWRPRODODUHGLVSOD\HGLQ)LJXUH2QHFDQVHH
WKDWWKHXVXDOYDOXHVIRUWKHELQDU\SDUDPHWHUVGHVLJQDWHGE\³3,7=(5$3´XVHGE\$63(13OXV
DQGJLYHQE\3LW]HUSURYLGHDFFXUDWHSUHGLFWLRQVXSWRPRODODIWHUZKLFKWKHDFFXUDF\UDSLGO\
GLPLQLVKHV$WKLJKPRODOLWLHVWKH(157/PRGHOLVVXSHULRUWR3LW]HULIWKHGHIDXOWELQDU\SDUDPHWHU
YDOXHVDUHXVHG+RZHYHULWLVSRVVLEOHWRREWDLQDVHWRI3LW]HUELQDU\SDUDPHWHUVWKDWKDVDFFHSWDEOH
DFFXUDF\RYHUWKHHQWLUHFRQFHQWUDWLRQUDQJH7KH³3,7=(55´OLQHUHSUHVHQWVELQDU\SDUDPHWHUV
UHJUHVVHGLQ$63(13OXVXVLQJDOOWKHGDWDXSWRPRODO,WLVVKRZQLQ7DEOHWKDWRQHFDQUHGXFH
WKHHUURULQWKH3LW]HUHTXDWLRQRYHUWKHHQWLUHFRQFHQWUDWLRQUDQJHIURPWRLIRQHLV
ZLOOLQJWRVOLJKWO\LQFUHDVHWKHHUURULQWKHGLOXWHUDQJHIURPWR7KLVH[HUFLVH
VXJJHVWVWKDWWKH3LW]HUHTXDWLRQPD\EHUREXVWHQRXJKWRVLPXODWHIRUVWURQJO\GLVVRFLDWHG
HOHFWURO\WHVDWOHDVWFRQFHQWUDWLRQVPXFKKLJKHUWKDQWKHWUDGLWLRQDOO\LPSRVHGOLPLWRIPRODO
DJUHHLQJZLWKWKHILQGLQJVRI3HUH]9LOODVHQRUHWDO
6ROLG/LTXLG(TXLOLEULXP
6ROXELOLW\GDWD/LQNHDQG6HLGHOODQGSUHGLFWLRQVIRUWKHV\PPHWULFDOV\VWHP+&O
1D&O+2XSWRPRODODUHGLVSOD\HGLQ)LJXUHDQGWKHTXDQWLWDWLYHLQIRUPDWLRQLVOLVWHGLQ7DEOH
IRUXSWRPRODO7KH³%´³%´DQG³%´VHULHVLQYROYHGLIIHUHQWVHWVRIELQDU\SDUDPHWHUVEXW
WKH\KDYHVLPLODUDFFXUDF\$GGLQJPL[LQJWHUPVWKH³0´VHULHVKRZHYHUDSSUHFLDEO\LPSURYHVWKH
SUHGLFWLRQRIWKHVDWXUDWLRQFRQFHQWUDWLRQUHGXFLQJWKHHUURUIURPWR7KH(157/PRGHO
LVDOVRVKRZQIRUFRPSDULVRQ7KHELQDU\SDUDPHWHUVDQGVROXELOLW\FRQVWDQWIURP:HEHUWKDW
ZDVXVHGLQWKH³0´SUHGLFWLRQVZHUHXVHGWRSUHGLFWγVWIRU1D&OXQGHUVLQJOHVDOWFRQGLWLRQVZKLFK
LVVKRZQLQ)LJXUHDQG7DEOH2QHFDQVHHWKDWXVLQJWKHELQDU\DQG.VSYDOXHVWKDWRSWLPL]HWKH
VROXELOLW\SUHGLFWLRQVSHUIRUPPRUHSRRUO\IRUWKHVLQJOHVDOWWKDQWKHGHIDXOW$63(13OXVELQDULHV
HUURUFRPSDUHGWRUHVSHFWLYHO\+RZHYHUERWKVHWVRIELQDULHVSURYLGHUHDVRQDEOH
DFFXUDF\IRUγVW
)LJXUHVDQGJUDSKLFDOO\GLVSOD\DQG7DEOHVDQGTXDQWLI\WKHLPSDFWRIXVLQJPL[LQJ
SDUDPHWHUVLQWKHV\PPHWULFDOV\VWHPV+&O1D&O+2DQG+&O1D&O.&O+2UHVSHFWLYHO\7KH
³0´VHULHVZDVJHQHUDWHGXVLQJWKHPL[LQJWHUPV1D&OELQDULHVDQG1D&O.VSIURP:HEHUDV
ZHOODVWKH+&OELQDULHVJHQHUDWHGIURPUHJUHVVLQJGDWDXSWRPRODO,WLVFOHDUWKDWWKHPL[LQJ
SDUDPHWHUVKHOSEXWRQO\PRGHUDWHO\JRLQJIURPHUURUWRLQWKHFDVHRIWKHWHUQDU\
VROXWLRQDQGIURPWRLQWKHTXDUWHUQDU\FDVH
7KHGLIIHUHQFHLQWKHLPSDFWRIWKHPL[LQJSDUDPHWHUVEHWZHHQSUHGLFWLQJVROXELOLW\DQGWKH
VWRLFKLRPHWULFDFWLYLW\FRHIILFLHQWVXJJHVWWKDWSKDVHHTXLOLEULDGDWDLVDEHWWHUWHVWRISUHGLFWHGVSHFLH
LQGLYLGXDOLRQVDQGPROHFXODUVROXWHVDFWLYLW\FRHIILFLHQWVWKDQLVVWRLFKLRPHWULFDFWLYLW\FRHIILFLHQW
GDWD 
&KHPLFDO(TXLOLEULXP$VVRFLDWLRQ
+62
$VVXPLQJWKHILUVWGLVVRFLDWLRQVWHSRIVXOIXULFDFLGWREHFRPSOHWHWKHRQHLQWHUPHGLDWH
DJJUHJDWHIRUPHGLVWKH+62LRQDQG(T)UHGXFHVWR
γVW+62 γ+62P+62PVW+62 >γ+γ62P+P62P@
DQGWKHHTXLOLEULXPIRUWKHVHFRQGGLVVRFLDWLRQVWHSLVH[SUHVVHGE\
.'+62 γ+γ62P+P62γ+62P+62
3LW]HU5R\DQG6LOYHVWHUXVHGD.+62YDOXHRIDW&DQGWKHUPRG\QDPLF
H[SHULPHQWDOGDWDWRSHUIRUPDOHDVWVTXDUHVRSWLPL]DWLRQWRSUHGLFWWKHWUDGLWLRQDOELQDU\3LW]HU
SDUDPHWHUVȕȕDQG&ɮIRUVXOIXULFDFLG([WHQWVRIGLVVRFLDWLRQGDWDZHUHQRWLQFOXGHGLQWKH
UHJUHVVLRQ&OHJJ5DUGDQG3LW]HUSHUIRUPHGDPRUHH[WHQVLYHRSWLPL]DWLRQRQWKH+62
+2V\VWHPWKDWLQFOXGHGGLVVRFLDWLRQGDWDDQGDQH[WHQGHG3LW]HUSDUDPHWHUVHWWKDWLQFOXGHGDQ
LRQLFVWUHQJWKGHSHQGHQWWKLUGRUGHUYLULDOWHUP7KHSUHGLFWHGIUDFWLRQVRIGLVVRFLDWLRQRIWKHWZR
VWXGLHVDUHFRPSDUHGLQ)LJXUHZLWKMXVWWZRRIWKHPDQ\GLVVRFLDWLRQGDWDVRXUFHVXVHGE\WKHODWHU
VWXG\&OHJJHWDO7ZRDVVHVVPHQWVDUHTXLFNO\PDGHIURPWKLVJUDSK)LUVWRQHFDQVHHWKDW

WKHGLVFUHSDQF\EHWZHHQWKHWZRH[SHULPHQWDOVHWVGHFUHDVHVDVWKHFRQFHQWUDWLRQLQFUHDVHV&OHJJHW
DOGLVFXVVWKHGLIILFXOW\RIGHWHUPLQLQJH[WHQWVRIGLVVRFLDWLRQDWGLOXWHFRQFHQWUDWLRQVDQG
H[SODLQWKHLUUDWLRQDOHIRUJLYLQJPRUHFUHGLELOLW\WRWKHGDWDRI&KHQDQG,ULVKLQWKHGLOXWH
UDQJH6HFRQGRQHFDQVHHWKDWWKHGLVVRFLDWLRQSUHGLFWLRQVRIWKHWZRRSWLPL]DWLRQVWXGLHVEHFRPH
DSSUHFLDEO\GLIIHUHQWDERYHDPRODOLW\RIHYHQWKRXJKWKHDFWLYLW\FRHIILFLHQWDQGRVPRWLF
FRHIILFLHQWSUHGLFWLRQVOLVWHGLQWKHLUUHVSHFWLYHDUWLFOHVUHPDLQYHU\FORVH,QRWKHUZRUGVOHDVW
VTXDUHVRSWLPL]DWLRQRI3LW]HUSDUDPHWHUVIRUDVVRFLDWLQJHOHFWURO\WHVQHHGWKHDGGLWLRQDOFRQVWUDLQWRI
GLVVRFLDWLRQGDWDLISUHGLFWLQJFKHPLFDOHTXLOLEULDLVDPDLQREMHFWLYH
6WRLFKLRPHWULFDFWLYLW\FRHIILFLHQWDQGIUDFWLRQRIGLVVRFLDWLRQGDWDZHUHXVHGDORQJZLWK
.+62 WRUHJUHVVWKHWUDGLWLRQDOELQDU\3LW]HUSDUDPHWHUVȕȕDQG&ɮRQO\IRUWKH
+62+2V\VWHPDWKLJKHUFRQFHQWUDWLRQVWKDQSHUIRUPHGE\&OHJJHWDO7KHRSWLPL]DWLRQ
SURFHGXUHXVHGWRUHJUHVVWKHSDUDPHWHUVLVH[SODLQHGLQ$SSHQGL[&)LJXUHVDQGDQG7DEOH
GLVSOD\WKHUHVXOWVJUDSKLFDOO\DQGTXDQWLWDWLYHO\7KH(157/PRGHOSRRUO\SUHGLFWVERWKαIUDFWLRQ
RIGLVVRFLDWLRQDQGγVW7KHGHIDXOW3LW]HUSDUDPHWHUVLQ$63(13OXVIRUWKHDTXHRXVVXOIXULFDFLG
V\VWHPDOOKDYHYDOXHVRI]HURVRWKHSRRUSUHGLFWLYHFDSDELOLW\RIWKH3,7=(5$3FXUYHIRUWKH
DFWLYLW\FRHIILFLHQWLVH[SHFWHGEXWLWVGLVVRFLDWLRQFXUYHLVVXUSULVLQJO\FORVHWRWKHGDWD
7KHUHDSSHDUVWREHDQHUURULQ$63(13OXVZKLFKLVGLVFXVVHGLQWKH³9DOLGDWLRQRI$63(1
3OXV´VHFWLRQ7KHGLIIHUHQFHVLQWKH3,7=(55$3UHJUHVVHGSDUDPHWHUVXVHGLQ$63(13OXVDQG
3,7=(553SUHGLFWLRQVVWUDLJKWIURPWKHUHJUHVVLRQSURJUDPFXUYHVDUHGXHWRWKHHUURUDQG
TXDQWLILHVWKHQHHGWRUHVROYHWKHHUURU7KHUHJUHVVHGDVVRFLDWLRQEDVHGELQDU\3LW]HUSDUDPHWHUV
SHUPLWWKHUHSUHVHQWDWLRQRIWKHVXOIXULFDFLGV\VWHPWRIRUWKHVWRLFKLRPHWULFDFWLYLW\
FRHIILFLHQWXSWRPDQGWRIRUWKHIUDFWLRQRIGLVVRFLDWLRQXSWRP$OWHUQDWHVHWVRI3LW]HU
SDUDPHWHUYDOXHVLQFOXGLQJPL[LQJWHUPVIRUH[DPSOHZHUHQRWVWXGLHGEHFDXVHRIWKHHUURULQ
$63(13OXV7KHYDOXHVRIWKHUHJUHVVHGELQDU\3LW]HUSDUDPHWHUVDUHVKRZQLQ7DEOH%
+12
,IWKHDJJUHJDWHIRUPHGLVHOHFWULFDOO\QHXWUDODVLQWKHFDVHRIQLWULFDFLG(T)VLPSOLILHVWR
γVW αγ
ZKHUHα UHSUHVHQWVWKHIUDFWLRQRIGLVVRFLDWLRQ7KHHTXLOLEULXPLVH[SUHVVHGE\
.'+12 γ+γ12P+P12γ+12P+12
'DYLVDQGGH%UXLQGLVFXVVWKHGLIILFXOW\RIH[SHULPHQWDOO\GHWHUPLQLQJDFRQVLVWHQWVHW
RIDFWLYLW\DQGIUDFWLRQRIGLVVRFLDWLRQGDWDDQGWKH\FRQFOXGHGWKDWUHODWLYHXQFHUWDLQWLHVLQWKHYDOXHV
RIDFWLYLWLHVGLVVRFLDWLRQDQG.'+12ZHUHLQWKHUDQJH7KHDXWKRUVDQDO\]HGVHYHUDOVHWVRI
DFWLYLW\DQGGLVVRFLDWLRQGDWDWRJHQHUDWHDUHFRPPHQGHGVHWRIFRQVLVWHQWGDWD)LJXUHGLVSOD\V
WKUHHVHWVRIH[SHULPHQWDOGLVVRFLDWLRQGDWDDQGWZRPRGHOSUHGLFWLRQV2QO\WKHUHFRPPHQGHGYDOXHV
RI'DYLVDQGGH%UXLQZHUHXVHGWRUHJUHVVWKH3LW]HUSDUDPHWHUVDQGDOLQHLVGUDZQWKURXJKWKRVH
SRLQWVIRUFRPSDULVRQVDNH,IWKHUHJUHVVLRQRIWKH3LW]HUSDUDPHWHUVLVFRQVWUDLQHGRQO\E\.'+12 
UHFRPPHQGHGE\'DYLVDQGGH%UXLQDQGWKHγVWGDWDWKHSUHGLFWHGIUDFWLRQVRIGLVVRFLDWLRQDUH
DSSUHFLDEO\KLJKHUUHSUHVHQWHGE\WKH3,7=(556FXUYH$VH[SHFWHGZKHQWKHSDUDPHWHU
UHJUHVVLRQLVFRQVWUDLQHGE\WKHVSHFLILHG.'+12YDOXHDQGERWKWKHγVWDQGα GDWDWKHSUHGLFWHG
IUDFWLRQVRIGLVVRFLDWLRQDUHFORVHUWRWKHUHFRPPHQGHGH[SHULPHQWDOYDOXHVVKRZQE\WKH
3,7=(556'FXUYH
)LJXUHGLVSOD\VUHVXOWVIRUγVW1DWXUDOO\WKHSUHGLFWLRQVQRWFRQVWUDLQHGE\GLVVRFLDWLRQ
GDWD56ILWWKHGDWDEHWWHU7KHGDWDRI+DPHUDQG:XLVGLVSOD\HGIRUFRPSDULVRQDQGLW
UHLQIRUFHVWKHDVVHUWLRQRI'DYLVDQGGH%UXLQRIWKHXQFHUWDLQW\LQYROYHGZLWKH[SHULPHQWDOGDWD7KH

SUHGLFWHGDFWLYLW\FRHIILFLHQWRIXQGLVVRFLDWHGPROHFXODU+12LVFRPSDUHGZLWKH[SHULPHQWDOYDOXHV
LQ)LJXUH7KHUHLVDODUJHGLIIHUHQFHLQWKHSUHGLFWHGYDOXHVGHSHQGLQJXSRQZKHWKHURUQRW
GLVVRFLDWLRQGDWDZDVXVHGLQWKHUHJUHVVLRQRIWKH3LW]HUSDUDPHWHUV7DEOHSURYLGHVDPRUH
TXDQWLWDWLYHDVVHVVPHQWDQGVKRZVWKDWWKHDYHUDJHHUURULQWKHSUHGLFWHGγ+12YDOXHVLVDQDSSUHFLDEOH
HYHQZKHQWKHGLVVRFLDWLRQGDWDZDVXVHGLQWKHUHJUHVVLRQRIWKH3LW]HUSDUDPHWHUV
7KHFKDQJHLQVORSHDWWKHKLJKPRODOLW\HQGRIWKH56'FXUYHVIRUWKHVWRLFKLRPHWULFDQG
PROHFXODUDFWLYLW\FRHIILFLHQWVVKRZQLQ)LJXUHVDQGUHVSHFWLYHO\DUHLQGLFDWLYHRIWKHKLJK
LRQLFVWUHQJWKGHSHQGHQFHRIWKHWKHUPRG\QDPLFVRIWKHV\VWHP6HYHUDODWWHPSWVWRLQFOXGHGDWDDW
KLJKHUFRQFHQWUDWLRQVLQWKHSDUDPHWHUUHJUHVVLRQZHUHXQDEOHWRREWDLQUHDVRQDEOHILWV7KLVLV
FRQVLVWHQWZLWKWKHH[SHULHQFHRI$UFKHU&OHJJHWDODQG3LW]HUHWDO

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%LQDU\,QWHUDFWLRQ7HUPV)RU,RQV2I8QOLNH6LJQȕȕ&ɮ
7KHUHDSSHDUVWREHDSUREOHPZLWKWKHLPSOHPHQWDWLRQRIWKH3LW]HUHOHFWURO\WHPRGHOLQWKH
$63(13OXVVRIWZDUH7KHLVVXHZDVILUVWLGHQWLILHGZKHQZHDWWHPSWHGWRUHSURGXFHWKHYDOXHVRI
LRQLFDFWLYLW\FRHIILFLHQWVSUHGLFWHGE\$63(13OXVIRUWKH+62+2V\VWHP7KH)XUVWDQG5HQRQ
IRUPRIWKH3LW]HUHTXDWLRQIRULRQLFDFWLYLW\FRHIILFLHQWVLVXVHGE\$63(13OXVDQGWKH
HTXDWLRQDVJLYHQLQWKH$VSHQ7HFKUHIHUHQFHPDQXDO$VSHQ7HFKQRORJ\HTXDWLRQZDV
XVHGLQWKH3LW]HUVXEURXWLQHRIRXU9LVXDO%DVLFUHJUHVVLRQSURJUDPVHH$SSHQGL[&7KH3LW]HU
SDUDPHWHUYDOXHVJLYHQE\3LW]HU5R\DQG6LOYHVWHUZHUHDGGHGWR$63(13OXVLQWKH
3URSHUWLHV_3DUDPHWHUVIRUPV7KHLRQLFDFWLYLW\FRHIILFLHQWVSUHGLFWHGIRU++62DQG62E\
$63(13OXVDQGWKRVHFDOFXODWHGE\RXU3LW]HUVXEURXWLQHXVLQJWKHHTXLOLEULXPPRODOLWLHVGHWHUPLQHG
E\$63(13OXVGLGQRWDJUHH7KHGLIIHUHQFHLQWKHYDOXHVZHQWDVKLJKDVLQWKHFDVHRI62
7KHDYHUDJHGHYLDWLRQLQWKHSUHGLFWHGYDOXHVRIWKHVWRLFKLRPHWULFDFWLYLW\FRHIILFLHQWZDVVHH
7DEOH
7KH3LW]HUVXEURXWLQHRIRXUUHJUHVVLRQSURJUDPKDGSUHYLRXVO\EHHQYDOLGDWHGE\FRPSDULQJ
LWVSUHGLFWHGVWRLFKLRPHWULFDFWLYLW\FRHIILFLHQWVZLWKWKRVHRI3LW]HU5R\DQG6LOYHVWHU7KH
DJUHHPHQWZDVH[FHOOHQWPRVWYDOXHVDJUHHLQJWRWKHWKLUGVLJQLILFDQWGLJLWRUKLJKHUDQGWKHDYHUDJH
GHYLDWLRQZDVVHH7DEOH&RQVHTXHQWO\WKHODFNRIDJUHHPHQWEHWZHHQWKHYDOXHVSUHGLFWHG
E\WKHVXEURXWLQHDQGWKRVHRI$63(13OXVLVGLVFRQFHUWLQJDQGVXJJHVWWKDWHUURUVH[LVWLQWKH
$63(13OXVLPSOHPHQWDWLRQRIWKH3LW]HUPRGHO
7RIXUWKHULQYHVWLJDWHWKHLPSOHPHQWDWLRQRIWKH3LW]HUPRGHOLQ$63(13OXVDVLPSOHWHVWRI
WKH'HE\H+XFNHOOLPLWLQJYDOXHZDVSHUIRUPHGZLWKRXU3LW]HUVXEURXWLQHDQG$63(13OXV7KH
OLPLWLQJLRQLFDFWLYLW\FRHIILFLHQWLQWKH3LW]HUIRUPDOLVPLQWKLVFDVHUHGXFHVWRWKH'HE\H+XFNHO
WHUP
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LIDOOWKHVKRUWUDQJHLRQLRQLQWHUDFWLRQWHUPVDUHVHWWR]HUR)XUVWDQG5HQRQ$VSHQ
7HFKQRORJ\7KHDFWLYLW\FRHIILFLHQWRIDQLRQLFVSHFLHVWKHQGHSHQGVRQO\RQWKHWRWDOLRQLF
VWUHQJWKRIWKHVROXWLRQWKH¦ƍWHUPDQGLVLQGHSHQGHQWRILWVFRQFHQWUDWLRQ7KHRQO\VSHFLH
GHSHQGHQF\RIWKHDFWLYLW\FRHIILFLHQWLVWKURXJKWKHVSHFLH¶VDEVROXWHFKDUJH_]L_6SHFLHVRIWKHVDPH
DEVROXWHFKDUJHZLOOWKHUHIRUHKDYHWKHVDPHSUHGLFWHGDFWLYLW\FRHIILFLHQWVLQDQ\VROXWLRQKDYLQJD
IL[HGLRQLFVWUHQJWKUHJDUGOHVVRIWKHLUFRQFHQWUDWLRQV
7KHUDWLRRIWKHQDWXUDOORJDULWKPRIWKHDFWLYLW\FRHIILFLHQWRIWZRLRQVLQWKLVUHGXFHGVWDWHLV
OQγLOQγM ]L¦ƍ]M¦ƍ ]L]M
VRWKHUDWLRIRUDVLQJO\FKDUJHGLRQRYHUWKDWRIDGRXEO\FKDUJHGLRQLVVLPSO\
OQγ_]_ OQγ_]_  ]L]M  ó +
7KHGHIDXOW3LW]HUSDUDPHWHUVIRU+62LQ$VSHQ3OXVDUHDOOHTXDOWR]HURDFFRUGLQJWRWKH
7RROV_5HWULHYH3DUDPHWHU5HVXOWVIRUPVHH7DEOH%LPSO\LQJWKDWWKH'HE\H+XFNHOOLPLW
H[SUHVVHGE\(T*VKRXOGEHXVHG7DEOHFRPSDUHVWKHUHVXOWVRI$63(13OXVDQGWKH3LW]HU
VXEURXWLQHRIRXU9LVXDO%DVLFUHJUHVVLRQSURJUDPIRUJLYHQLRQLFPRODOLWLHVZLWKȕ ȕ &ɮ 

(YLGHQWO\IRUWKHFDVHRI+62$63(13OXVSUHGLFWVQHLWKHUWKHVDPHLRQLFDFWLYLW\FRHIILFLHQWVIRU
WKH+DQG+62VSHFLHVQRUWKHYDOXHRIUHTXLUHGE\(T+IRUWKHUDWLROQγLOQγ62ZKLOH
WKH3LW]HUVXEURXWLQHSUHGLFWVERWK7REHVXUHWKDWWKHGHIDXOWYDOXHRI]HURIRUWKH3LW]HUSDUDPHWHUV
DVLQGLFDWHGE\WKH7RRV_5HWULHYH3DUDPHWHU5HVXOWVIRUPZHUHLQGHHGEHLQJXVHGE\$63(1]HUR
YDOXHVZHUHPDQXDOO\HQWHUHGRQWKH3URSHUWLHV3DUDPHWHUVIRUP7KHUHVXOWVZHUHWKHVDPH
$OWKRXJK$63(13OXVGRHVQRWVDWLVI\WKH'HE\H+XFNHOOLPLWWHVWZLWK+62LWVSUHGLFWLRQVIRU
XQLYDOHQWVDOWVVKRZQLQ7DEOHGRDSSHDUWRVDWLVI\WKH'HE\H+XFNHOOLPLWWHVW7KLV
VXJJHVWVWKDW$63(13OXVGRHVQRWFRQVLVWHQWO\LPSOHPHQWWKH3LW]HUIRUPDOLVP:HKDYHLQIRUPHG
$VSHQ7HFKQRORJ\RIWKLVSUREOHPEXWWKH\KDYHQRW\HWFRQILUPHGWKHSUREOHPQRUSURSRVHGD
VROXWLRQ
0L[LQJ7HUPVɎȥ
ɎLMDQGȥLMNDFFRXQWIRULQWHUDFWLRQVEHWZHHQLRQVRIOLNHVLJQDQGDUHWKHUHIRUHUHOHYDQWRQO\
IRUPL[HGVROXWLRQV7KH\DUHPRVWHDVLO\HVWLPDWHGIURPVLPSOHFRPPRQLRQPL[WXUHV7KH(șLM,
DQG,(șLMƍ,WHUPVRIɎLMDQGLWVGHULYDWLYH(TV'	(DFFRXQWIRUORQJUDQJHHOHFWULFDOIRUFHVWKDW
RFFXUIURPXQV\PPHWULFDOPL[LQJHIIHFWV)RUV\PPHWULFDOPL[LQJWKH(șLMWHUPDQGWKXVLWV
GHULYDWLYH(șLMƍGLVVDSSHDUV:LWKUHVSHFWWRWKHPL[LQJWHUPEHWZHHQWZRLRQVRIOLNHFKDUJHɎLMWKH
$63(13OXVXVHU¶VPDQXDO$VSHQ7HFKQRORJ\RQO\PHQWLRQVWKHșLMDQGșLMƍWHUPVDQGVWDWHV
WKDWșLMƍLVDVVXPHGWREH]HUR7KLVVXJJHVWVWKDW$63(13OXVRQO\XVHVWKHLRQLFVWUHQJWK
LQGHSHQGHQWSDUDPHWHUșLMDQGWKHUHIRUHFDQQRWDFFRXQWIRUWKHLRQLFVWUHQJWKGHSHQGHQF\RIɎLMɮWKDW
LVUHTXLUHGWRDFFXUDWHO\UHSUHVHQWWKHWKHUPRG\QDPLFHIIHFWVRIXQV\PPHWULFDOPL[LQJ7KLVSRVVLEOH
VKRUWFRPLQJRI3LW]HU¶VLPSOHPHQWDWLRQLQ$63(13OXVKDVQRWEHHQFRQILUPHGZLWK$VSHQ
7HFKQRORJLHVQRUKDYHZHHVWLPDWHGLWVSRWHQWLDOLPSDFWRQWKHDFFXUDF\RIWKHUPRG\QDPLFPRGHOLQJ
RI6%:VROXWLRQV
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7KHUHDUHIRXUEURDGFRQFOXVLRQVWKDWUHVXOWIURPWKHSK\VLFDOSURSHUWLHVGDWDEDVHPRGHO
GHYHORSPHQWGXULQJ)<)LUVWWKH3LW]HUPRGHOLVVXSHULRUWR(157/6HFRQGIRUWKH
SUDFWLWLRQHUWKH3LW]HUIRUPDOLVPLVUREXVWHQRXJKWRGHDOZLWKLRQLFVWUHQJWKVPXFKKLJKHUWKDQWKH
WUDGLWLRQDOO\LPSRVHGOLPLWRIPRODODQGLWFDQGHDOZLWKVLPSOHPL[WXUHVKDYLQJLRQLFVWUHQJWKV
FRPSDUDEOHWRWKDWRI6%:§PDWDQDFFXUDF\OHYHOWKDWLVDFFHSWDEOHIRUGHVLJQZRUN7KLUGLWLV
QRW\HWFOHDUZKHWKHURUQRWWKH3LW]HUPRGHOFDQKDQGOHLQDSUDFWLFDOPDQQHUWKHFRPSOH[FKHPLFDO
DQGSKDVHHTXLOLEULDRFFXUULQJLQ6%:PL[WXUHV$OWKRXJKWKHDQDO\VLVRIWKH+&O1D&O+2+&O
1D&O.&O+2+62+2DQG+12+2V\VWHPVVXJJHVWVWKDWWKH3LW]HUPRGHOLVVDWLVIDFWRU\IRU
WKHSUDFWLWLRQHUIRUIHZVDOWV\VWHPVWKHDFFXUDF\RIDSUDFWLFDOLPSOHPHQWDWLRQRIWKH3LW]HUPRGHOIRU
DPDQ\VDOWPL[WXUHRI6%:¶VWKHUPRG\QDPLFFRPSOH[LW\KDV\HWWREHGHWHUPLQHG,WLV
UHFRPPHQGHGWKDWIXWXUHHIIRUWVEHIRFXVHGRQFRPSOHWLQJWKLVDVVHVVPHQW$QGIRXUWKWKHLVVXHVRI
WKHHUURUDQGDSSDUHQWODFNRIDFFRXQWLQJIRUXQV\PPHWULFDOPL[LQJLQWKHLPSOHPHQWDWLRQRIWKH
3LW]HUPRGHOLQ$63(13OXVQHHGWREHUHVROYHGEHIRUHWKHVRIWZDUHFDQFRQWLQXHWREHXVHGWR
VLPXODWHHOHFWURO\WHVROXWLRQVLQHIIRUWVWRIXUWKHUDVVHVVWKH3LW]HUPRGHO
$GGLWLRQDOGHWDLOVDQGPLQRUFRQFOXVLRQVDUHSUHVHQWHGEHORZ
 8VHRIWKH(157/VKRXOGEHSKDVHGRXWDVDSURSHUWLHVPRGHOIRUWKHVLPXODWLRQRI6%:
WUHDWPHQWDV3LW]HUSDUDPHWHUGDWDEHFRPHDYDLODEOHWRVXSSRUWIXOOXVHRIWKH3LW]HUPRGHO
$VXPPDU\RIWKHFRPSDULVRQEHWZHHQWKH3LW]HUDQG(157/PRGHOVLVSUHVHQWHGLQ7DEOH
7KHPRODOLW\EDVHG3LW]HUPRGHOZLWKRQO\ELQDU\SDUDPHWHUVȕȕDQG&ɮSHUIRUPHG
DSSUHFLDEO\EHWWHUWKDQWKH(157/PRGHOIRUDOOV\VWHPVVWXGLHGOHDGLQJXVWRFRQFOXGHWKDWWKH
3LW]HUIRUPDOLVPSURYLGHVJUHDWHURSSRUWXQLW\WRLPSURYHWKHDFFXUDF\RIWKHUPRG\QDPLF
FDOFXODWLRQVIRUFRPSOH[HOHFWURO\WHVROXWLRQVWKDQGRHV(157/
7KH3LW]HUPRGHOZLWKRXWPL[LQJWHUPVZDVWLPHVPRUHDFFXUDWHWKDQ(157/IRUSUHGLFWLQJ
VWRLFKLRPHWULFPRODODFWLYLW\FRHIILFLHQWVRIVWURQJHOHFWURO\WHVLQWKHIHZDTXHRXVV\VWHPVVWXGLHG
XSWRPRODO'HYLDWLRQIURPH[SHULPHQWDOGDWDUDQJHGIURPIRUVLQJOHVDOWVROXWLRQV
WRIRUDXQLYDOHQWTXDUWHUQDU\FRPPRQLRQPL[WXUHLQWKHFDVHRIWKH3LW]HUPRGHO
FRPSDUHGWRDQGUHVSHFWLYHO\IRUWKH(157/PRGHO
7KH3LW]HUPRGHOZDVVXSHULRUWR(157/DWSUHGLFWLQJVROXELOLW\IRUWKH+&O1D&O+2V\VWHP
ZLWKHUURUFRPSDUHGWRUHVSHFWLYHO\
7KH3LW]HUPRGHOZDVVXSHULRUWR(157/DWSUHGLFWLQJGLVVRFLDWLRQRI+62ZLWKHUURU
FRPSDUHGWRUHVSHFWLYHO\
 )RUWKHSUDFWLWLRQHUWKH3LW]HUIRUPDOLVPLVUREXVWHQRXJKWRGHDOZLWKVWURQJO\GLVVRFLDWHG
HOHFWURO\WHVDWFRQFHQWUDWLRQVPXFKKLJKHUWKDQWKHWUDGLWLRQDOO\LPSRVHGOLPLWRIPRODO
7KHDQDO\VHVZLWK+&O+62DQG+12VXJJHVWWKDWWKH3LW]HUPRGHOFDQDGHTXDWHO\GHDOZLWK
VROXWLRQVKDYLQJ6%:¶VLRQLFVWUHQJWKRI§P7KH+&O+2V\VWHPFDQDFFXUDWHO\EH
UHSUHVHQWHGHUURUIRUγVWXSWRPRODODFLGWKH+62+2V\VWHPIRUγVW
DQGIRUαXSWRPDFLGDQGWKH+12+2V\VWHPIRUγVWDQGIRUαXS
WRPDFLG
 3KDVHHTXLOLEULDGDWDLVDEHWWHUWHVWRISUHGLFWHGVSHFLHLQGLYLGXDOLRQVDQGPROHFXODUVROXWHV
DFWLYLW\FRHIILFLHQWVWKDQLVVWRLFKLRPHWULFDFWLYLW\FRHIILFLHQWGDWD

7KHDFWLYLW\FRHIILFLHQWRI+&OFDQEHSUHGLFWHGWRZLWKLQLQ+&O1D&O+2ZKHQ,DQG
WRZLWKLQLQ+&O1D&O.&O+2ZKHQ,ZLWKRXWPL[LQJSDUDPHWHUV$OWKRXJKPL[LQJ
SDUDPHWHUVGRPRGHUDWHO\LQFUHDVHWKHDFFXUDF\RISUHGLFWHGγVWYDOXHVWKHLULPSDFWDSSHDUVWR
EHPLQLPDO7KXVWKHLPSOLFDWLRQIURPPHDQDFWLYLW\FRHIILFLHQWGDWDLVWKDWPL[LQJSDUDPHWHUV
DUHQRWUHTXLUHGWRDFKLHYHUHDVRQDEOHDFFXUDF\IRUV\PPHWULFDOPL[LQJ
+RZHYHUWKHVROXELOLW\GDWDLPSO\WKHRSSRVLWH0L[LQJSDUDPHWHUVFDQUHGXFHWKHHUURULQ
SUHGLFWHGVROXELOLW\WRIROGXQGHUFRQGLWLRQVRIV\PPHWULFDOPL[LQJLQWKHLRQLFVWUHQJWKUDQJH
RI6%:$GGLQJPL[LQJWHUPVUHGXFHGWKHSUHGLFWHGVROXELOLW\OLPLWRI1D&OLQ+&O1D&O+2
IURPWRIRU,
 0L[LQJSDUDPHWHUVLPSURYHDFFXUDF\EXWPD\QRWEHUHTXLUHGDWKLJKLRQLFVWUHQJWKVXQGHU
FRQGLWLRQVRIV\PPHWULFDOPL[LQJ
7KHVROXELOLW\OLPLWRI1D&OLQ+&O1D&O+2ZDVSUHGLFWHGWRZLWKLQZKHQ,ZLWKRXW
XVLQJPL[LQJWHUPV)RXUWHHQSHUFHQWHUURUIRUWKRVHVSHFLHVZKHUHGDWDLVXQDYDLODEOHPD\EH
WROHUDEOHIRUDSUDFWLWLRQHU
 /HDVWVTXDUHVRSWLPL]DWLRQRI3LW]HUSDUDPHWHUVIRUDVVRFLDWLQJHOHFWURO\WHVQHHGVWKHDGGLWLRQDO
FRQVWUDLQWRIHTXLOLEULXPFRQVWDQWDQGGLVVRFLDWLRQGDWDLISUHGLFWLQJFKHPLFDOHTXLOLEULDLVDPDLQ
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